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ABSTRACT
Assessing the influence of land use on soil physic chemical properties is crucial for developing sustainable land management strategies. This study was conducted to evaluate the effect of different land uses and soil depth on selected soil properties in three randomly selected sites of Sidama regional state.  54 composite soil samples were collected from three land uses (cultivated land, enset and forest) at two soil depths (0-20cm and 20-40cm). In addition, undisturbed soil samples were collected using a core sampler to assess the bulk density. Laboratory analyses were conducted for selected soil properties following standard procedures. The results of the study revealed that land use and soil depth significantly influenced soil properties. Except particle size distribution, all measured soil properties were significantly influenced by land use types. Bulk density, total nitrogen and available phosphorus were found to be influenced by soil depth. Enset had the highest mean values for available phosphorus, total nitrogen, cation exchange capacity, while cultivated land had the lowest value for all soil properties excluding bulk density. The highest value of all soil properties under enset land use might be attributed to farmer’s practice of frequent application of manure and household refuses. Bulk density and clay content were increased with soil depth while sand, silt, pH, Av.P, total nitrogen was decreased with soil depth. The highest value of bulk density and lowest value of other measured soil parameters were might be attributed to frequent tillage without organic input application. This study indicated that the cultivation of land continuously without proper management leads to the deterioration of soil properties. From this study, it can be concluded that conversion of forest land to cultivated land can lead to soil fertility degradation. Therefore, continuous cultivation needs the application of organic amendments in combination with inorganic fertilizer for sustainable soil management. 
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INTRODUCTION
Soil is a basic resource underpinning all terrestrial ecosystems and it is a reusable resource when managed carefully, but in the scale of human lifetimes, it cannot be considered a renewable resource (Weil and Brady, 2017). Soils in the field are heterogeneous; that is, the profile characteristics are not exactly the same at any two points within the soil. It is also variable and their properties are changing across the landscape and vertically down the soil profile (Brubaker et al., 1993). Researchers showed the linkage between land uses and soil properties, particularly in relation to soil nutrients and carbon sequestrations (Agbede, 2010; Nega and Heluf, 2015). Change in land use, long-term cultivation, deforestation, overgrazing and mineral fertilization can cause significant variation in soil properties (Conant et al., 2003). Land use refers to arrangements, activities and inputs people undertake in a certain land cover type to produce, change or maintain it (Ufot et al., 2016). It can influence soil chemical and physical properties because of different anthropogenic activities, namely tillage, livestock trampling, harvesting, planting, application of fertilizer etc. 
Previous studies showed that the physical and chemical properties of soil and agricultural productivity are significantly affected by changes in land use (Girma et al., (2023), Yaseen et al., (2023)). According to Bore and Bedadi (2016) OM, TN, and cation exchange capacity (CEC) have declined by approximately 76%, 61%, and 39%, respectively in cultivated land, in Ethiopian highlands.
 Land use has long term effects on the spatial heterogeneity of soil resources and also the need for land use and landscape research to determine ecologically sound and sustainable land use and management strategies (Kiflu and Beyene, 2013). Therefore, assessing soil physicochemical properties in different land use types is crucial to provide important information for planners and policy makers to devise development interventions that ensure sustainable land management. Even though there are various studies conducted on the effect of land use type on soil physicochemical properties, there is a little information on the effect of land uses on soil properties in the study area. Thus, this study aimed to assess the effect of land use type and soil depth on selected soil physicochemical properties in Sidama region, southern Ethiopia.
MATERIALS AND METHODS
Description of the study area
This study was carried out in randomly selected three sites of sidama regional state. Sites were located in Arbegona, Dale and Darara districts of the region. Geographical study sites were in range from 60 37’2’’ to 6052’ 44’’ latitude and 380 15’ 51’’ to 380 45’ 23’’ longitude. The altitude ranges from 1842 to 2447 masl. The dominant farming system of the study area is small-scale rain-fed cultivation of annual crops such as maize (Zea mays L.), barley (Hordeum vulgare L.), and perennial crops such as enset (Ensete ventricosum), coffee (Coffea Arabica L.), etc. However, coffee is the main cash crops cultivated in the areas. Most of the area around the homestead is covered with perennial enset (Ensete ventricosum), which is a staple food and income source for the farmers. Animal farming is also a common practice in the area. In general, home gardens of the sidama region included residential and grazing areas (14%), cultivated lands (82%) and sometimes some specialized woodlots (4%) in Sidama (Abebe and Bongers, 2012). Textural class of the soils of study site is clay. According to agro ecological classification of Hurni, (1998) the agro ecology of the study areas is from midland to highland.
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Figure 1: Map of the study area
Land use Selection
Three types of land use: enset, forest and cultivated lands were selected. Land uses selected at each site were adjacent to each other to minimize variation. Enset (Ensete ventricosum) is selected because it is dominant in the area and organically treated land use type. Enset leaves and discarded parts of the pseudo stem are frequently used as mulch. Manure application is widespread and considered essential by farmers of the area. Traditionally, farmers add household refuses and organic sweepings around house to enset fields. The other land uses selected was cultivated land in which production of cereals is common in the area. It is continuously cultivated for the production of cereal crops. This land use is inorganically managed which means production involves the use of inorganic fertilizers like urea and DAP/NPS and is selected as a second land use type while forest is selected for comparison purpose and to use it as reference.
[bookmark: _Toc94835245] Soil sampling and preparation
Composite soil samples were collected from three land use types: cultivated land, forest and enset at two soil depths: 0-20 cm and 20-40 cm with three replications from three sites randomly. For the disturbed soil samples, ten sub samples were taken to make one composite samples at each depth. A total of 54 composite disturbed soil samples were collected (3 land uses x 2 depths x 3 replications x 3 elevation) using auger. Under each land use, random soil samples were taken from a plot, with dimensions of 20m x 20m from both soil depths. Additionally, 54 undisturbed soil samples were taken with a core sampler for bulk density determination. The collected soil samples were air-dried at room temperature, gently crushed, homogenized and then passed through a 2-mm sieve. The samples were further sieved through 0.5 mm mesh for analysis of total nitrogen.
 Analysis of soil physical and chemical properties
Soil analysis was conducted at the Soil Science Laboratory of College of Agriculture at Hawassa University following standard procedures. The soil pH was measured using a glass combination pH meter in the supernatant solution of 1:2.5 soils to water solution ratio Bulk density was calculated by dividing the dry weight of the sample which were oven dried at 105 0 C by the volume of the cylinder. Particle-size distribution was determined by the hydrometer procedure (Bouyoucos, 1951). Total nitrogen content was determined following the Kjeldahl method (Jackson, 1958). Cation exchange capacity was determined by 1 M ammonium acetate (pH 7) method (Van Reeuwijk, 1993). Available phosphorus was analyzed using the Olsen sodium bicarbonate (pH 8.5) extraction method (Olsen et al., 1954). 
Statistical analysis
Land uses and soil depth were used as a factor and site as random effect and soil parameters were used as dependent variables. Then, statistical differences between the values for the various parameters of land use type and soil depth were tested using a two-way analysis of variance (ANOVA) following the Mixed Linear Model (LMM) using R software version 4.5.0. The means were compared via the least significant difference (LSD) test at P<0.05.
RESULT AND DISCUSSION
The Effect of Different Land Use on Selected Physicochemical Properties of Soils
Soil bulk density was significantly (p<.05) affected by land use types. Cultivated land had significantly higher bulk density than enset and forest soil but there is no significant difference between enset and forest land uses. The highest value of bulk density in cultivated land could be due to continuous cultivation which depletes organic matter and this finding coincided with the findings of Chemeda et al., (2017). This finding is also in agreement with Tufa et al., (2019) who found high bulk density under cultivated land. Decreased bulk density in enset and forest land uses could be due to the accumulation of organic matter from organic amendments and litterfall respectively.
Sand, silt and clay fractions of the study soils were not significantly influenced by different land use types. Textural class of all land use types of the study area was clay. This suggests that the different land use types did not have effect on the soil texture of the study area, since texture is an inherent soil property that not influenced in short period of time.
pH (H2O) value of soils was significantly (p<.05) affected by land uses types. The highest mean value (6.1) and lowest mean value (5.33) of soil pH (H2O) were recorded under enset land use and cultivated land respectively (Table 1). The higher soil pH under enset land uses could be due to the application of manures and house refuses to enset land. This result is in agreement with the findings of Kiflu and Beyene (2013) in which higher pH value were detected under enset land use. Similarly, Kassa et al., (2020) reported high soil pH under enset- coffee land use as compared with crop and grazing land soil. The lower value of pH under cultivated land might be due to the application of ammonium-based fertilizer as reported by Fetene and Amera (2018). Similarly, Tufa et al., (2019) also found lower pH under cultivated land compared with forest and grazing land. Generally, the mean value of pH under enset was rated as slightly acidic while pH under cultivated and forest soil was rated as moderately acidic following the classification described by Weil and Brady (2017).
[bookmark: _Toc92320486]Available phosphorus showed significant variation among land uses. The highest available phosphorus was recorded under enset land use (10.2 ppm) followed by cultivated land (6.39 ppm) and forest (6.19 ppm) respectively (Table 1). There was no significant difference in available phosphorus between cultivated and forest land, numerically the higher available phosphorus was recorded from cultivated land as compared with forest soil. A similar finding was reported by Boke, (2004) where available phosphorus is higher under enset farms which could be due to rapid mineralization and additions of manure and crop residue. Mathewos, (2019) also reported the highest available phosphorus under Enset field. According to rating of Cottenie, (1980) available phosphorus at enset land use was in medium range while low in cultivated land and forest land use who classify very low (< 5 ppm), low (5-9 ppm), medium (10-17 ppm), high (18-25 ppm) and very high (> 25 ppm).
Cation exchange capacity (CEC) was showed significant variation among different land uses. Mean value of CEC was higher under enset land use and lower under cultivated land. CEC value of land uses are in order: Enset > Forest > Cultivated land. This result is in agreement with the findings of Bufalo and Elias, (2020) who reported high CEC under forest as compared with cultivated fields. The lowest value of CEC under the soil of cultivated land could be due to reduction in organic matter content, such decrement are parallel with soil organic carbon. The lower value of CEC in cultivated land may be related to organic matter content of this land use. According to Landon (2014), CEC of all land uses of the study area is high who classify cation exchange capacity (CEC) of soils as low (<15 Cmol (+) kg-1 of soils), medium (15-25 Cmol (+) kg-1 of soils) and high (>25 Cmol (+) kg-1 of soils). 
Total nitrogen significantly affected by different land uses. Cultivated land had significantly lowest total nitrogen. The highest total nitrogen was recorded from enset land uses followed by forest land.  The low TN of the cultivated soil was due to rapid decomposition and oxidation process encouraged by intensive cultivation. In line with current findings, Girma, (2020) reported lowest total nitrogen under cultivated land. According to the ratings of Landon, (2014) total nitrogen content of the study area was under medium category (0.2-0.5%).
Table 1: Selected soil physicochemical properties as influenced by different land use types.
	Land use
	BD(g/cm3)
	Sand (%) 
	Silt (%)
	Clay (%) 
	pH
	Av. P (ppm)        
	TN (%)
	CEC (Cmol (+) kg-1)

	Cultivated 
	1.16a
	24.113a
	31.61a
	44.012a
	5.33b
	6.39b
	0.26b
	34.57b

	Enset
	1.05b
	24.363a
	30.639a
	44.414a
	6.1a
	10.2a
	0.41a
	47.9a

	Forest
	1.03b
	30.28a
	27.617a
	42.103a
	5.45b
	6.19b
	0.36a
	40ab

	LSD (0.05%)
	0.25
	NS
	NS
	NS
	0.31
	1.1
	0.07
	9.4

	CV (%)
	12.46
	52.8
	23.6
	30.1
	6.84
	17.99
	25.16
	28.58


Means with different letters in a column are significantly different at P < 0.05
BD = Bulk Density, Av. P = Available Phosphorus, TN = Total nitrogen, CEC = Cation Exchange Capacity
[bookmark: _Toc92319897]Effect of Soil Depth on Selected Physicochemical Properties of Soils
The results of statistical analysis revealed that bulk density was significantly influenced by different soil depth. Subsurface soil (20-40 cm) had significantly higher bulk density than surface soil (0-20 cm). Increased bulk density with depth is in agreement with the result of Moges et al., (2013) which may be attributed to the weight of overlying soil. Fetene and Amera (2018) also reported a higher mean value at sub-surface soil. Lower BD at surface soil might be attributed to higher organic matter content at surface layer. Present study was coincided with Terefe and Feyera, (2018) who found that bulk density was significantly influenced by soil depth.
The higher soil pH value was recorded at surface soil (0-20cm) than the sub-surface soil (20-40cm). This might be due to the presence of higher organic carbon in the surface layer. This result is in agreement with the result of Moges et al., (2013) who reported higher soil pH at the surface layer which is attributed to higher organic carbon in the surface layer. Soil depth significantly influenced available phosphorus. The higher mean value was recorded at surface soil (0-20 cm) than subsurface soil (20-40 cm) which could be due to the application of phosphorus-containing fertilizer. In line with this Girma, (2020), Chemeda et al., (2017) reported higher available phosphorus in surface soil than sub-surface soil. Total nitrogen (TN) varied significantly by the influence of soil depth. Its content decreased with depth. This result coincided with the result of Beyene (2017) who found that total nitrogen was decreased with soil depth which due to the concentration of most of the root activities and incorporation of organic materials in the surface layers. 
[bookmark: _Toc92320488]CEC was significantly (p < 0.05) different by soil depth, CEC of the surface soil (43.67 cmol(+)Kg-1) was higher than CEC of the sub-surface soil (37.993 cmol(+)Kg-1). This finding are in agreement with Eyayu and Mamo, (2018) who reported lower CEC values in subsoil (20-40 cm) than surface soil (0-20 cm). The higher CEC value in surface soil might be due to the more accumulation of organic matter in surface soil.
Table 2: Selected soil properties as influenced by soil depth
	Soil depth
	BD (g/cm3)
	Sand (%)
	Silt (%)
	Clay (%)
	pH
	Av. P (ppm)
	TN (%)
	CEC (Cmol (+) kg-1)

	0-20 cm
	1.05b
	28.8a
	30.8a
	40.05a
	5.67a
	8.07a
	0.38a
	43.67a

	20-40 cm
	1.10a
	23.7a
	29.3a
	46.97a
	5.57a
	7.11b
	0.32b
	37.993a

	LSD at 0.05%
	0.02
	NS
	NS
	NS
	NS
	0.74
	0.0479
	NS


Means with different letters in a column are significantly different at P < 0.05.
BD= Bulk density, TN = Total Nitrogen, Av.P = Available Phosphorus, CEC = Cation Exchange Capacity
CONCLUSION
The findings suggest that soil characteristics such as soil pH, total nitrogen, available phosphorus, and cation exchange capacity (CEC) are superior in enset land uses compared to cultivated soils regarding soil fertility indicators. This implies that the conversion of natural forests into agricultural land reduces soil quality while enset land improves soil quality. It suggests that cultivated soils struggle to maintain their fertility compared to enset and forest soils due to the effects of continuous tillage.
The general condition of the soil beneath cultivated land is declining and becoming less healthy in comparison to the soils found in enset and forest areas. In most of the soil properties assessed, the land under enset resulted in better quality as compared to cultivated and forest lands.  The alterations in soil characteristics affect not only the surface layer but also the subsurface layers. Except clay content and bulk density, other all measured parameters were higher at surface layer. To restore the lower soil quality in cultivated areas, it is recommended to implement integrated practices for improving soil fertility, such as using organic inputs, retaining crop residues after harvesting, and rotating cereal crops with legumes. Lastly, additional research focused on sustainable land management challenges within the study area is necessary.
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